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This invention relates to fused or heat-cast 
refractories and fs particularly concerned with 
rhe provision of an improved refractory especially 
adapted for use in the manufacture of steel. This 
application fs a continuation-in-part of my co- 5 
pending application, ierial No. 7,710 filed Febru- 
ary 11, 1948, now abandoned and of my copend- 
ing application, Serial No. 83,999, filed Match 28, 
1949, now abandoned. 
The use of tonnage oxygen in the open hearth 10 
furnace bas recently been shown to markedly 
speed up steel production. Such practice, how- 
ever, subjects the furnace refractories to con- 
siderably increased punlshment, hich in the case 
of the roof refractories, for examplë, may lower 15 
their lire by as much a 50%. Corresponding im- 
provement in such refractories fs obviously 
imperative then if full economi.c advantage of the 
u'se of oxygen fs to be realized. Moreover, since 
some rive pounds of basic refractories alone are 20 
consumed for each ton of steel produced, it fs also 
obvious that any such improved refractory must 
be marie from raw znaterials common enough to 
be available in large quantities and cheap enough 
to enable such refractory to compete with present 25 
tonnage refractories in proportion to the savings 
obtained. 
Patent No. 2,408,305 to Field describes a 
chromespinel composition which conbains FeO, 
MgO, A1203, and Cr203 in a parbicular relation- 30 
ship and which, when melted ab very high tem- 
peratures and then solidified in a mold, yields 
a very dense crystalline refractory with notable 
resistance to erosion by ferruginous slags in com- 
parison to the more usual porous sintered re- 35 
fractories. Such chrome-spinel composition con- 
tains an appreciable amount of FcO, a feature 
of importance since it allows the use of a con- 
siderable percentage of commercial chrome ove in 
the raw batch. Unfortunately this dense refrac- 4O 
tory fs less resistant to heat shock or spalling than 
the more usual porous burnt refractories, which 
property resbricts its possible places of applica- 
tion and in particular prevents its use us a roof 
refractory in an open hearth furnace where, as 45 
pointed out above, Improvemenb fs especially 
desirable to permit higher operating retapera- 
turcs. 
I bave now discovered that the resistance to 
heat shock or spalling of such high-iron chrome- 50 
spinel reïractory can be markedly improved, 
without any adverse effect on ifs slag resistance, 
by increasing its magnesia content so bhat, when 
the melted batch fs sOlidifled, a substantial 
amount of periclase crystallizes as a separate 5 

OFFICE 

2 
phase. In fact, nob only musb the magnesia con- 
tent Of the resulting refractory be sufficient so 
that the periclase phase fs present in significant 
amount, but the ratio of the mols of RO oxides 
to the mols of 1203 oxides must be maberially 
above unity in ortier fo impart a satisfactory de- 
grec of spalling resistance to such refractory. 
Such ratio, I have round, should be ab leasb 2.2 
and fs advantageously ab leat 3.5. 
That my new refractories should possess such 
improved spalling resisbance fs quite surprising 
and unexpected since periclase Itself bas a higher 
coefficient of expansion than the chrome-spinel 
composition described in the Field patent. The. 
coefficient of expansion of my refractories is not 
high relative to that of other refractories, how- 
ever, and in some instances fs even less than the 
expansion coefficients of various commercial 
burnt chrome and magnesite refractories.. 
The tensile strength of the present refractories 
fs higher than that of commerci.al burnb chr0me 
and magnesite refractories so that greater strains 
can be developed therein belote ïailure. On the 
other hand the thermal conductivity of my 
fractories fs also higher so bhat the temperature 
gradients obtained within such refractories when 
they are subjected to alternate heating and cool- 
ing are lessened. Apparentiy these properties 
are more significant with respect to. spalling re- 
sistance than the dense structure of these refrac- 
tories. In any event, in actual comparative heat- 
shock tests ,with panels of refractory bricks 
heated from 800 ° C. to 1400 ° C. ab the rate of 
200 ° C. per hour and then alternately cooled with 
a water spray and simflarly reheated ab 20-znin- 
ute intervals, I bave ïound my improved refrac- 
tory compositions superior in spalling resistaace 
to commercial burnt magnesite and chrome 
fractories. 
As will be appreciated, relatively high bempera- 
butes are required to fuse the present composi- 
tions so that electric melting must be resorted 
to. The raw materials tan be melted in a con- 
ventional electric furnace, the shell of which fs 
lined with material of a composition simflar to 
that of the refractory fo be produced. The 
molten material can then be cast into molds. The 
resulting refractory pieces, following initial solidi- 
fication, should be annealed either from their own 
heat of crystallization with the aid oï appropriate 
insulation or with the addition of external heat 
in a lehr. 
In the resulting fused refractory, as can be de- 
termined by analysis, bhe FeO fs partitioned be  
tween the perielase phase, in which it fs present 
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and advantageously should amount te af least 
90%. 
Since the heat-casting proceas required for the 
manufacture of the present refractories is in- 
5 herently more expensive than the conventional 
sintering techniques of making refractories, if is 
an especially important featuze of my invention 
that the instant refractory compositions, and 
particularly the preferred composition described 
10 . below, require only commonly available and rela- 
tively inexpensive raw materials, namely chrome 
ore and commercial calcined magnesite, for their 
production. Since, however, my refractories are 
completely melted belote casting, only the final 
45 -c'hemieàl composition of the melted material is 
of .concern, and any suitable raw materials in- 
cluding by-products or beneficiated concentrates 
can be utilized in proportions which will main- 
tain the-final composition of the melt within 
£0 the desired ranges. 
Chrome ore is basically chromite, which is 
idëally FeO.Cr203. As is welt known, however, 
in nature .appreciable MgO replaces FeO. snd 
apprecable A1203 replaces Cr203 in-the spinel 
95 latice with the result' that commercial chrome 
ores, which also .contain a smatl amount of 
gangue, composed usually of magnesium si.li- 
cates, cover-a relatively wide range of composi- 
tions. Those ores high in Cr2Os are most useful 
30 for-chemical and .metallurgiel-purposes and 
command corresponding,ly higher priees than-the 
more a-bundant grades, with lower Cr20s content 
which are-widely used for reractory purp0ses. 
The more usual ranges.of chromo ore composition 
35 maybe indicated as fotlows: 
Per cent 
Cr20s .................................. 30-50 
FeO .................................... 1225 
MgO  ................................. 
40 AIOS-__-_=--- 11-27 
SiO .................................... 2-8 

3 
in solid solution, and the spinel phase, in which 
it is present, of course, as ,an Re spinel-forming 
oxide. Apparently what happons is that, as the 
spinel phase is formed upon cooling and solidifi- 
cation of the molten mass, the MgO forms spinels 
with the RO oxides in preference te the FeO 
se that, in effect,-the.FeO is in Part displaced into 
the periclase phase formed by the remaining 
MgO. 
By reason of ifs dense structure, a heat-cast re- 
fractory is afforded an initial advaniage with re- 
spect te slag resistance over a burnt or sintered 
refractory, the porosity of which nturally per- 
toits a more rapid attack by slag. 
The proportions of the several oxidei fonning- 
the basis of the present refractory can never-- 
theless be varied only within limits in accordance 
with the nature of the slag with which the 
fractory is te corne in contact. While, for ex- 
ample, the resistance of my novel refractory te 
attacl :by basic slag .improves with an increase 
ih. MgO (.and/hence, -the periclase lhase), itsre- 
sistäce te acid slag'attack tends te crrespond- 
ing.ly decrease. Cenversely, too low an MgO 
content dëcreases the aility of the ref.ractoy te 
wlthstand baSic slg attack. Similarly, an in- 
Crease:ïn.CrO (:and, henee, the chromeæcontain- 
ing spinel plïase-)  !mpro.v.es :the -resisance/of my 
refractory te acid slag attack but tends te lowër 
its:resistance tobasic slag. Too 10w a CrOz con- 
ten,,on -the ether hand, decreses the resistance 
Of-the refractery tè .aCid slag attack. A high 
raio -of CO te AhO also .favors acid slg. re- 
sistnce Whereboth types :of :slag are encou.n- 
tered s in open hCrt h. Practice, a practical com- 
promise is er courge necessary. 
Ttie-lroportîons wîttiin vhich these severaI ox- 
ides .can be varied are also determined bythe ef- 
fect of the variation on the spalling resistnce 
ofthe refract0ry.and-by other factors. The AIO 
and CrO content,-for example, can no be in- 
creased te such an extent that the ratio .of .the 
mols-of 1O-oxides -te the mols of RO Cides 
falts below about 2.2 and-the-resistance of tlie re- 
fractory te spalling becomes unsatisfact0ry. For 
the saine reason»: the content of FeO and MgO 
Can net be se lowered that such ratio becomes 
less than 2.2. Moreover, .as indicated above, suf- 
ficient MgO mustbe present te form-the periclase 
phase; which, as can be readily-determined, wfll 
amount te a minimum of approximately 15 te 
20%: As wfll be apparent, a periclase phase can 
be.formed 0nlyif an excess of Re oxide-exists 
beyond .that required te combine with -the. !O 
oxidesto formRO.RO: 
Ttie pr.esence of FeO in the periclase phase does 
no appert te adversely_ affect ifs. slag resistance. 
Additionally, as the-MgO content isincreased, 
the. temperature required to.effect fusion also in- 
creases.with the results_that volatilization of MgO 
becomes more and'more appreciable and the pro- 
dflction of a commercially satisfactory and usable 
refacor, casting :becomes.more and more diflï- 
cult.. Cracking.of the:reïractory, blocksor castings 
also occurs tö an increasing!y greater extent with 
ver hlgh percentages of FeO. 
With-tliese _several considerations in mind, 
tlenk my.lmproved.refractory composition com- 
prises, and analytically contains 5 te 25% FeO, 
25 te//8% MgO 5 te 25% A120, and 12 te 50% 
CrO; with the ratio of the mols of FeO and 
MgO te the mols of AIOs and CrO being at least 
2.2.. Te Provide adequate slag resistance, more- 
over, the .total of such oxides should amount te 
at least 82% of the entire refractory composition 

Fór the production of sintered refracories it is 
genealy preïerred te Use those crome ores 
4 higher in MgO and Iower in FeO.  havfound 
however that the less expenSive ores, hiher in 
FeO, are quite satisfactery for my purpos e. be- 
c,use of the apparently hrmless dsplaoement Of 
FeO ino solid solution ïn.the Periclase phase. If 
0 i te be noted, moreover, that the melting point 
Of chromo ore is high in helf and that te tem- 
perature requifed formeltïng thè presnt compò- 
sition prégressively incfeases as the proportion of 
calcined mgnesite te the chrome ore is incrèased. 
 Since the less expensive chrom ores, of lower 
CrOs and higher FeO content, melt more easfiy, 
a larger addition of magnesite can then be ruade, 
if desied, without increasing the melting d- 
culty. 
60 Since electri'c melting with graphite êlectrodes, 
as is the conventional practicé, reSults in reduc- 
tion of seine of thè FeO and the CrO as well as 
volatilization of some of the MgO if .might be 
supposed that composition control of the résult- 
65 ing refractory product would bë diflïCult. I have 
round, however, that such losses generally balance 
in such a way that the percentages of cr20 and 
FeO in the fused product are substantially those 
of the batch, while there is an increase in alumina 
70 at theexpense of magneSia. If is only necessary 
therefore te add an extra amount of calcined 
magnesite te the batch te make up for the antici- 
pated loss, the exces s required being larger as the 
magnesite proportion and consequently the me!t- 
75 ing 'emperature increase. 
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As lndicated above, commercial chrome ores 
ontain a small amount of siliceons gangue. 
V¢hen a chrome ore is used as a raw material in 
the preparation of the present refractory, then, 
a siliceous matrix containing any impurities is 
ulso formed upon solidification of the molten 
refractory composition. This siliceous matrix is 
largely crystalline in nature, even in relatively 
rapidly cooled castings. In the absence of ap- 
preciable calcium oxide, this siliceous matrix or 
phase has the crystallographic properties of 
forsterite, 2MgO.SiON, with presumably some FeO 
replacing a part of the MgO. 
Moderate amounte of this siliceous matrix, such 
us are fortunately obtained with commercial 
grade chrome ores, are not harmful either fo the 
heat-shock resistance of my refractory or to ite 
resistance fo acid slag attack. As the percentage 
of silica is increased, however, resistance to spall- 
ing decreases; and with larger amounte the cast- 
ings crack so badly even before heating that they 
ure unsaleable. 
For this reason itis not generally feasible to use 
olivine, a typical analysis of whiCh is 47 %. MgO., 
7% FeO, 1% CaO, and 44% SiO2, as a source of 
magnesia. 
Moreover, as the silica content is increased, the 
resistance of the present refractory against acid 
slag decreases. From this standpoint as well as 
the standpoint of heat-shock resistance, there- 
fore, the SiON content should be not more than 
8 % and advantageously not more than 5 %. 
With SiON in the composition, the periclase 
phase can, of course, be formed only if there is an 
excess of RO oxide beyond that required to com- 
bine with the SiON to form 2RO.SiON and to com- 
bine with the AIO and the Cr203 to form 
RONO.. An excess of RO oxide is therefore in- 
dicated when the ratio of the mois of FeO and 
MgO to the mois of Al:î and CrNOE plus hall the 
mois of SiON exceeds unity. As previously pointed 
out, this ratio is at least 2.2 and advantageously 
ut least 3.5 in the present refractory. 
Commercially available calcined magnesites of 
good qua]ity generally contain a small amount of 
CaO as an impurity. Dolomitic magnesites may 
also be utilized under certain conditions, but then 
aO in appreciable quantities will be included in 
the refractory composition. Since CaO' does hot 
forma spinel, it will appear in the siliceous 
trix when if is present in the raw materials. As 
the CaO increases in proportion, if progressively 
replaces MgO fo give monticellite, dicalcium 
silicate, and flnally tricalcium silicate. If the 
combining power of the SiO is exceeded, calcium 
chromite is formed with the result that serious 
cracking of the castings occurs during their 
manufacture. The basic siag resistance of the 
present refractory is also decreased as the CaO 
content is increased, especially in the presence 
of signiflcant quantities of SiOn. 
For these reasons, then, the CaO content should 
hot be more than 10%; and advantageously no 
more than 3% CaO is present. 
Since the effect of CaO is fo displace MgO from 
the siliceous matrix, an excess of RO oxide is in- 
dicated in such case when the ratio of the mols 
of FeO, MgO, and CaO fo the mois of AhO and 
CrO plus hall the mols of SiO2 (if present) ex- 
ceeds unity. As already stated, this ratio is at 
least 2.. and advantageousiy af least 3.5 in the 
present refractory. 
Because of the use of graphite or carbon elec- 
trodes in the electric-furnace melting of heat- 
cast refractories, it is normally expected that 

ferric oxide in the raw materials will-be reduced 
to ferrons oxide. I have round however that in 
the presence of large proportions of magnesia, 
relatively high concentrations of ferric oxide 
5 be maintained in the present refractory. Thê 
raoderate amounts of ferric oxide that might be 
obtatned from the use of ferruginous balxite or 
partially oxidized chrome ore Or the like show no 
appreciable effect on the resistance to heat shock. 
I0 As the FeO. content is increased, however, the 
heat-shock resistance becomes gradually less. 
Moreover, if raw materials are used which permit 
the concentration of ferric oxide to become too 
high, a second spinel phase, immiscible with the 
I chrome-containing spinel phase, results and 
serious cracking of the castings occurs. This ad- 
ditional sptnel phase has the properties ,of mag- 
nesio»ferrite, MgO.FmO. Because of these ad- 
verse effects, the FeO. content should not be 
20 more than 7% and is advantageously no more 
than 5%. 
The FeO initially enters the chrome-con- 
tatning spinel phase as another Rai oxide and, 
when present, should be taken into account in 
25 determining the RO.RNO ratio. In such system 
therefore an excess of RO oxtde is indicated 
when the ratio of the mols of MgO, FeO, and 
CaO (if present) to the mois of AI, CrO, and 
FeO plus hall the mols of SioE (if present) 
0 exceeds unity. 
As indicated above, this ratio is at least 2.2 
and is advantageously af least 3.5 in the present 
refractory. 
'The mer (casting) analyses given in Table 
- are illustrative of the composition of my im- 
proved refractory: 

Table I 

40 Melt 

45 

5O 

II ...... 
III ..... 
IV 
VI 
VII .... 
VIII_ __ 
XII 
XII/___ 
XIV___ 
XV .... 

FeO MgO 
10.6 28.0 
24.4 20:1 
7.9 34.2 
20.3 25.8 
18. 4 28.1 
16.7 29.9 
12.9 
15.2 
17. 9 
7 7 
17. 2 
7.9 
12.3 
11.2 
13. 8 

! 
AhO [ CrO SiO 
38.6 I 21.2 
17.4 | 33.0 
18.7 I 37.0 
16.3 | 33.2 
15.8 ] 31.2 
18.9 I 28.5 
32.4 5.2 | 46.2 
29.7 16.9 | 31.3 
36.4 12.4 ] 29.1 
48. 0 22. 8 18. 2 
32.6 9.2 31.9 
53.8 10.6 [ 20.9 
48. 6 8. 2 20. 5 
49.1 7.5 26.5 
49.7 I 6.7 21.6 

CaO FeO, 
1.4 0.2 
4.6 0.5 
2.0 0.2 
4.2 0.2 
6.3 0.2 
5.9 0.1 
3.1 0.21 
2.7 4.2 i 
4.0 0.2i 
2.4 0.9 ......... 
2.7 6.4 ......... 
1.4 0.4 5.0 
7.4 3.0 ......... 
2.4 3.3 
2.5 0.5 5.2 

Each of these refractory castings comprises 
a chrome-containing spinel, a crystalline solid 
55 solution of ferrous oxide in magnesium oxide 
(periclase), and a siliceous matrix. There is 
only one spinel phase, which contains both FeO 
and MgO as RO oxides and both CrK) and 
AhO (and FmO) as RaO oxides in random 
60 distribution. Only melts IV fo XV possess satis- 
factory resistance to' spalling as well as satis- 
factory resistance to s!g attack, however, melte 
I fo III exhibiting poor or unsatisfactory spall- 
ing resistance. As can readily be determined 
65 (in the manner explained above), the molal ratio 
of RO oxides to R20 oxides in melte IV to XV 
is 2.2 or greater, whereas such ratio for each 
of melts I fo III is only 1.6, 1.9, and 2.1 respec- 
tively. 
70 Especially good resistance fo heat shock or 
spalling as well as especially good resistance fo 
both acid slag and basic slag are obtained when 
my improved refractory composition comprises 
and analytically contains 7 to 20% FeO, 35 to 
75 68% MgO, 5 to 21% AltOs, and 12 to 40% CrO, 
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XVI ..... 
XVII .... 
XVIII.__ 
XLOE.___: 
XX ...... 
XXI____2 
XXII .... 
XXïII_ _ _ 
XXIVI_ _ 
XXV .... 
XXVI_ _ _ 
XXVII_ _ 
XXVIIL 

PeO /IgO 
13.8 45. 8 
17. 8 42. 3 
13. 1 46 5 
13.9 46. 9 
15.0 44.7 
13:0 49. 5 
10. 2 52..3 
11. 6 5L9, 
14. 4 51. 2 
12. 1 53. 8 
14. 6 52. 1 
10. 9 56. 3 
8.3 63.5 

.AIO 
 11.3 
11.4 
10.1 
8.1 
7.3 
12.0 
13. 0 
11.3 
10.0 
8.7 
7.7 
7.0 

" CrOs 
25. 2 
22. 9 
22. 1 
24:4 
2357 
20,0 
2O. 3 
20:6 
 2L 5 
20.5 
21.9 
18. 5 
17. 2 

SiO 
3.7 
2.8 
7.7 
6.4 
6.'5 
5.1 
3.5 
5.8 
2.9 
2.0 
6.4 
1.8 

CaO 
 0.2 
0.5 
0.5 
0.3 
2.8 
0.4 
0.7 
0.7 
0.3 
0.7 
0.7 
0.2 
0.2 

FeOs 
2.0 

Best resistance to spalling and to slag. attack 
has been obtained with refract0rF composigions 
compçising and analytically containing 9 to 17% 
FeO, 42 to 57-%. MgO, 5 to 15% AhO3, and 15 
to 30% Cr:O3 with the total of such oxides being 
at least, 90% and with the molal ratio of 1O 
oxides fo 1%2Oa oxides (determined as explained 
ab0ve) being at least 4.0 and with anF SiO2, 
CaO, .or Fe203 present desirably being no more 
than 5%, 3%, or 5% respectively. An analysis 
of a composite sample of several thousand cast- 
ings which fall within this more limited range 
and w.hich gave satisfactory performance in open- 
hearth test is as follows: 
Cr03 .................................... 20.5 MeR. 
AltO3 ...... 7.8 
MgO  ..... 53.6 40 xxxIH 
Fe as FeO ........ ' ....................... 13.3 xxw___ 
" '  XII ...... 
SiO 2.4: xv ...... 
XXXIV_ 
Since all the phases except the chrome-contain- xxxv__ 
ing spinel are soluble in strong acid it.is rela- 45, 
tively simple to deermine the proportion of the 
spinel phase by acid-leaching of a finely ground 
sample. In the above composite sample, 4:0.3% 
of chrome-containing spinel was found, the anal- 
ysis of which is: 
Per cent 
Cr203 ................................... 51.2 
MgO _ .................................. 20.8 
A1O3 ................................... 19.5 
FeO 4.9 
F20 ................................... 3.6 
The acid-soluble fraction, consisting chiefiy of Batch 
periclase (containing FeO in solid solution) and 
forsterite, contained Fe equivalent to 16.9% FeO,. 
The melt (casing) analyses given in Table III 
are illustrative of the effect of too much SiOn: 

Table III. 

M:elt " Feo MgO A120» Cr2Oa SiO CaO 
XXVI ............ 14. 6 52.1 8. 7 21. 9 2. 9 0. 7 
XVI .............. 13. 8 45. 8 11.3 25. 2 3.7 o. 2 
XXIV ......  ..... 14. 4 51. 2 6. 8 21. 5 5.8 0. 3 
XVII! ............ 13.1 46. 5 10.1 22.1 7. 7 o. 5 
XXIX ........... t 12"71 43"11 13'51 19.s I 10.6] 0.3 

The spalling resistance of the first four melts was 
satisfactory, but melt XXIX cracked so badly 
during annealing that if was unusable. Further- 
more, as already indicated, the resistance of my 

refractory to acid slag attack decreases as the 
SiO2 content becomes too high. 
" TableIVPresents severa! melt (casting)i anal- 
yses ïllustrating the effec Of t0o much CaO: 
Table IV 

Melt FeO MgO AIO CruOs SiO: CaO 

XX .............. 15.0 44.7 7.3 23.7 
VLL .............. 15.2 29.7 16.9 31.3 
XI ............... 17.2 32.6 9.2 31.9 
OEXX ............ 17. 2 23. 2 9.1 32. 9 
XXXI ........... 16.1 20..4 12. 6 31.9 
XXOEII .......... 12. 3 46.7 7.1 20. 8 

6.5 2. 
2.7 " 4. 
2.7 6. 
4.6 13.( 
3.8 :, 15. 
8.0 5.] 

15 The first three melts possessed satisfactory re-. 
sistance to basic slag whereas melt XXX was 
readily attacked by basic slag. Melt XXXZ con- 
tained sufficient CaO to form calcium chromite 
so that the refractory cracked during annealing. 
As will be apparent from.the previous discussion, 
20 then, the molal ratio of CaO to SiO2 should hOt 
exceed 3 in order to avoid the formation_of..calr 
cium chromite. 
Moreover, as the SiO approaches the upper 
end of its range, the CaO content should-be 
25 maintained such that the total of SiO and CaO 
is no greater than 10 % in order te avoid a tend- 
ency fo crack during anneaing, as exhibted by 
melt XXXII. If should, be noted that, in. any 
30 event, the total of SiOn. and CaO sholld genrr 
ally not great!Y exceed !0% since therwise a- 
decreased resistance fo slag attack results. 
The. effect of including too high an, Fe:O con- 
tent in the present refrac.tory is shown by the 
melg (casting) aa!yses given in Table V: 
85 
Table V 

FeO 
14. 0 
17.8 
11.6 
7.9 
13.8 
14.2 
20.9 

51. 8 
42. 3 
52 1 
53. 8 
49. 7 
53. 6 
34. 2 

AlOa CrO}  SiOn. 
12.7 I 16.6 I 2.6 
11.4 I 22.9 I 2.8. 
84 21 9 2.0 
lO. 61 20. 9, 1.4 
6.71 21.6 I 2.5 
6.3 I 15.9 I 1.4 
11.41 21..o I 3.o 

o.51 1.8 
0.5 / 2.3 
o. 7 ./ 3. 3 
o.«/ 5:o 
o.51 - 5.2 
o.7t 7.9 
0.5 / " 9.0 

The spalling resistance of the-first rive melts was 
satisfactory whereas melts XXXIV and XXXV 
which contained suflïcient Fe:O to form a sepa- 
rate FeO-containing spinel phase, possessed 
5O poor spalling resistance. 
The batches, the oxide analyses of which are 
set forth in Table VI, also give castings, satis- 
factory in heat-shock resistance and slag 
sistance: 
55 Table VI 

XXXVI_- _ 
60 XXXVK-_ 
XXXVIII_ 
XXXIX_ _ _ 
XL ........ 
XLI ....... 
XLII ...... 
XLIII ..... 
65 XLZV ..... 
XLV ...... 
XLVI ..... 

...... FeO MgO AltO3 Cr20 
19.1 28. 6 13. 4 33.7 
16. 8 37. 2 11.8 29. 5 
14. 4 45.9 10.1 25. 3 
12.1 54.4 8.5 21.1 
9.7 63.1 6.8 16.9 
7.3 71.6 5.2 12.6 
11.9 50.'1 5.8 26.7 
6.0 57.0 11.7 20.6 
8.1 55.0 9.1 21.0 
18.5 44.8 6.7 22.3 
17. 8 33.7 11. 4 26. 8 

SiO OaO eO2 
4.7 0.3 
4.1 0.4 
3, 6 0..6 ...... 
3.1 0,7 ___L_ 
2.5 0.9 ...... 
2.0 1.0 ...... 
4.8 0.7 ...... 
4.3 0.4 ...... 
1.0 0.4 5.4 
2.9 0.3 4.5 
3.3 0.4 6.6 

I claim: " 
1. A fused refractory material comprising a 
70 chrome-containing spinel and a crystalline solid 
solution of ferrous oxide in magnesium oxide, 
said refractory material analytically containing 
5 to 25% FeO, 25 to 78% MgO', 5 fo 25% A1203, 
and 12.to 50% Cr203, the total of such oxides 
75 amounting fo at least-82%, the ratio of the mols. 



o! FeO and MgO to the mols of AhO3 and CrO3 
being ai least 2.2. 
2. The ïused reïraetory matm'ial as claimed in 
elaim 1, in which the total of FeO., MgO, AhO 
and CrO amounts fo af least 90%. 
3. A ïused reïractory material comprising a 
chrome-containing spinel, a crystalline solid so- 
lution oï ferrous oxide in magnesium oxide, and 
a siliceous matrix, said reïractory material ana- 
lytically containing 5 to 25% 1O, 25 to 78% 
MgO, 5 fo 25% AhO, and 12 fo 50% Cr.O3, the 
total of such oxides amounting fo ai least 82%, 
and SiOn. in an amount up fo 8%, the ratio oï 
the mols oï FeO and MgO to the mols of A/20 
and CrO plus hall the mols of SiOn. being ai 
least 2.2. 
4. The fused reïractory material as claimed in 
claire 3, in which the total of FeO, MgO, AhO3, 
and CrO amounts fo af least 90%. 
5. A fused refractory material comprising a 
chrome-containing spinel, a crystalline solid so- 
lution of ferrous oxide in magnesium oxide, and 
a siliceous matrix, said refractory material ana- 
lytically containing 5 fo 25% FeO, 25 to 78% 
MgO, 5 fo 25% AhO3, and 12 to 50% CrO3, the 
total oï such oxides amounting to af least 
SiOn. in an amount up to 8%, and CaO' in an 
amount up to 10%, the ratio of the mols oï FeO, 
iV[gO and CaO to the mols of Al.O and Cr203 
plus hall the mols of SiO being at least 2.2. 
6. The fused refractory material as claimed in 
claire 5, in which the total oï FeO, MO, AltO3, 
and Cr.O amounts to af least 00%. 
7. A ïused refractory material cornprising a 
chrome-containing spinel, a crystalline solid so- 
lution of ferrous oxide in magnesium oxide, and 
a siliceous matrix, said refractory material ana- 
lytically containlng 5 to 25% FeO, 25 to 78% 
MgO, 5 fo 25% AltOs, and 12 fo 50% CrO3, tle 
total of such oxides amounting to at least 82%, 
SiO in an amount up fo 8 %, CaO in an amount 
up to 10%, and FeO3 in an amount up to 7%, 
the ratio of the mols of FeO, MgO and CaO to 
the mols of AltOs, CrO and FeO plus hall the 
mols of SiO2 being at ]east 2.2. 
8. The ïused refractory material as claimed in 
claire 7, in which the total oï FeO, MgO, AhO, 
and CrO amounts to af least 90%. 
9. A fused refractory material comprising a 
chrome-containing spinel and a crystalline solid 
solution of ïerrous oxide in magnesium oxide, 
said refractory material analytically containing 
7 to 20% FeO, 35 to 68% MgO, 5 to 21% AltOs, 
and 12 te 40% CrO, the total of such oxides 
amounting to at least 90%, the ratio of the mols 
of FeO and MgO fo the mols of AIO and .Cr203 
being ai least 3.5. 
10. A fused refractory material cornprising a 
chrome-containing spinel, a crystalline solid so- 
lution oï ferrous oxide in magnesium oxide, and 
a siliceous matrix, said refractory material ana- 
lytically containing 7 fo 20% FeO, 35 to 68% 
MgO, 5 to 21% AltO3, and 12 to 40% Cr203, the 
total of' such oxides amounting to at least 90%, 
and ,SiO2 in an amount up to 8%, the ratio of 
the mols of FeO and MgO fo the mols of AhO 
and CrO plus hall the mols of SiO being af 
leas 3.5. 
11. A fused refractory material comprlslng a 

10 
chrome-containing spinel, a crystalline solid se- 
lution of ferrous oxide in magnesium oxide, and 
a sfliceous matrix, said reïractory material ana- 
]ytically containing 7 fo 20% FeO, 35 to 68% 
 MgO, 5 to 21% Ab.O, and 12 to 40% Cr.O, the 
total of such oxides amounting to at least 90%, 
SiO in an amount up te 3%, and CaO in an 
amount up to 3%, the ratio oï the mols oï FeO, 
MgO, and CaO to the mols of AI_O and Cr203 
10 plus hall the mols oï SiOn. being at least 3.5. 
12. A ïused refractory material comprising a 
chrome-containing spinel, a crystalline solid so 
lution of ferrous oxide in magnesium oxide, and 
a siliceous matrix, said reïractory material ana- 
1 ]ytically containing 7 fo 20% FeO, 35 to 68% 
MgO, 5 to 21% AI.O, and 12 to 40% Cr.O, the 
total of such oxides amounting to at least 90%, 
SiO in an amount up to 3%, CO in an amount 
up to 3 %, and Fe.O in an amount up to 5 %, the 
20 ratio of the mols oï FeO, MgO, and CaO to the 
mols of AhO, Cr.O and Fe.O3 plus hall the 
mols oï SiO being at least 3.5. 
13. A ïused refractory material comprising a 
chrome-containing spinel and a crystalHne solid 
25 solution of ïerrous oxide in magnesium oxide, 
said çeïractory material analytically containing 
9 to 17% FeO, 42 to 57% MgO, 5 to 15% A120, 
and 15 to 30% CrO, the total oï such oxides 
amounting te af least 90%, the ratio oï the mols 
0 of FeO and MgO to the mols oï AhO3 and CmO3 
being at least 4.0. 
14. A fused reïractory material comprising a 
chrome-containing spinel, a crystalline solid so- 
lution of ïerrous oxide in magnesium oxide, and 
35 a siliceous matrix, said reïractory material ana- 
lytically containing 9 to 17% FeO, 42 fo 57% 
MgO, 5 to 15% AI.O, and 15 to 30% Cr.O, the 
total oï such oxides amounting to at least 90%, 
and SiO in an amount up to 5%, the ratio of 
40 the mois of FeO and MgO to the mois oï AIO 
and CrO plus half the mols of SiOn. being at 
east 4.0. 
15. A ïused refractory material comprising a 
chrome-containing spinel, a crystalline solid so- 
45 lution oï ferrous oxide in magnesium oxide, and 
a siliceous matrix, said refractory material ana- 
lytically containing 9 fo 17% FeO, 42 to 57% 
MgO, 5 te 15% AltOs, and 15 to 30% Cr.O, the 
total of such oxides amounting to at least 90%, 
0 SiOn. in an amount up fo 5%, and CaO in an 
amount up to 3 %, the ratio oï the mols oï FeO, 
MgO, and CaO to the mols of AhO and Cr.O 
plus hall the mols oï SiOn. being at least 4.0. 
16. A fused reïractory material comprising a 
 chrome-containing spinel, a crystalline solid so- 
lution oï ïerrous oxide in magnesium oxide, and 
a siliceous matrix, said reïractory material ana- 
lytically containing 9 fo 17% FeO, 42 to 57% 
MgO, 5 to 15% AltOs, and 15 to 30% CrO3, the 
0 total of such oxides amounting fo at least 90%, 
SiOn. in an amount up to 5%, CaO in an amount 
up to 3%, and Fe20 in an amount up to 5%, the 
ratio of the mois of FeO, MgO, and CaO to the 
mols of Ab.O, Cr.O3 and Fe20 plus halï the mols 
6 of SiO being at ]east 4.0. 
RALPH JOSEPH MAGRI, Jl. 
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